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© Electron microscope specimen holder. 



© In order to control the position of a specimen on a specimen holder with high accuracy, a specimen 
cartridge (1) is made of a good thermal conductor, an outer frame (5) is made of heat insulating material and a 
connecting rod is made of a poor thermal conductor. The temperature distribution of the specimen (2) becomes 
uniform and the temperature drift is reduced. Further, thermal expansion of a specimen cartridge tilting rod (3) 
does not affect the tilting angle. These features make it possible to perform various highly accurate observations 
and measurements with an electron microscope. 

FIG . 2 



4 




Rank Xerox (UK) Business Services 

(3.10/3.Sx/3.0. i» 



EP 0 538 861 A1 



BACKGROUND OF THE INVENTION 
Field of the Invention 



10 



75 



Description of the Related Art 

Induce the phase Si™ «" iSS B SZJtS I""""" ««>«~*»> »' *e specimen or 

in the heated or coow5£ """"'"* *" Specim "' M « "»» «>mp.,atur. hut 

peep know „ * S^^S^— T ° — "~ "* 
» of specimen (eautS) b „ tnZT 5 ' ' ° PPOSte di "*"° os " ,h » a « s ™ 

specimen po&S IZ£d rhTreC eniZ ^S'cl^™ 1 e " Ba " S '"' so 38 *° •» 
as Unexamined Publicatta, No t-19re52<A)) observation or measurement (Japanese Patent 

^Te^™^ 
SUMMARY OF THE INVENTION 
Object of the Invention 

«££E^ C ° ntro1 *• ^-n position with high 

and measurement with an electron ^~ 0 £ ^ enab " n9 * ^ accurate obs *™*°n 

45 Statements of the Invention 

""S^rr,- aM ^^^^'STSsxssr ^ is ™ da - 

ss tilting pivots nervine to "cine or ffl^ 85 3 SPM ™" "* Wn *• °™» <">"» end 

specimen stag*,™ "Z oTnXSZ nT 0 "- "f*" * * e " ml C °™"" : " ,i "' °' * •» 

meter,,, p, the' m£ pivotsT.Tn t ™™'o ,5 0 f ~ i * * °'' < "" C ' an ' ,te "" al »' 



30 



35 



40 



2 



ft 



EP 0 538 861 A1 



Moreover, an electron microscope specimen holder according to a further aspect of the present 
invention is of the type that a specimen set on a specimen support such as a specimen cartridge is moved 
in a plane and driven rotatively and a rod serving to control an angle of the specimen support is in contact 
with the specimen support on a torsion or twistediy warped surface. 

5 In addition, an electron microscope specimen holder according a further aspect of to the present 

invention comprises a specimen support such as a specimen cartridge, a rod serving to control an angle of 
the specimen support and a pressure spring, wherein the specimen support has a double-layer structure 
including a platform on which a specimen is to be placed and a heater, and the rod and the pressure spring 
serve as power supply lines for the heater as well. In this way, by omitting specific power supply lines, it is 

10 possible to control the tilt angle with high accuracy. 

Particularly, it is preferred that the specimen support is of a stacked structure including a metal portion 
and a ceramic heater. 

Further, an electron microscope specimen holder according to a further aspect of the present invention 
has a coupling or joint structure including a high temperature part and a low temperature part, wherein the 
75 high temperature part is made of heat insulating material and the low temperature part is made of low 
thermal expansion material. 

Moreover, an electron microscope specimen holder according to a further aspect of the present 
invention comprises a specimen support such as a specimen cartridge, wherein a thermal conductivity of 
material of an inner part of the specimen support is greater than that of material of an outer part thereof. 
20 In addition, an electron microscope specimen holder according to a further aspect of the present 

invention is of the type that a specimen support such as a specimen cartridge is disposed within an outer 
frame and is heated in use, wherein a temperature gradient between the specimen support and the outer 
frame is steep when the specimen holder is in use. 

Furthermore, an electron microscope specimen holder according to a further aspect of the present 
25 invention is of a type that a position of a specimen is changed, wherein an amount of change of the 
specimen position is in the range of 0.02 - 0.10 mm/sec. 

Besides, according to another aspect of "the present invention, there is provided an electron microscope 
in which one of the above-mentioned electron microscope specimen holders is mounted. 

Further, an electron microscope specimen holder according to a further aspect of the present invention 
30 is adapted for use in observing a state of a pecimen placed on a specimen support such as a specimen 
cartridge by applying an electron beam to the specimen and comprises a heater at a bottom of the 
specimen support for heating the specimen on the specimen support up to a predetermined temperature, a 
rod for controlling an angle of the specimen support and a pressure spring for supporting the specimen 
support, wherein the rod has a shape that makes a contact surface between the rod and the specimen 
35 support stationary in the vertical direction and electric power is supplied to the heater through the rod and 
the pressure spring. 

In addition, an electron microscope according to another aspect of the present invention is of a 
transmission type which comprises an electron gun for producing an electron beam, an optical system for 
applying the electron beam to a predetermined range at a fixed amount, a specimen or sample holder on 
40 which a specimen is to be placed so as to be observed as being applied with the electron beam, another 
optical system for observing a state of the specimen on the specimen holder and an operation control 
system, wherein the specimen holder has a structure that a specimen support such as a specimen cartridge 
is disposed within an outer frame, a thermal conductivity of material of the specimen support is made 
greater than that of material of the frame, and the specimen support is provided at a lower part thereof with 
45 a heater to which electric power is supplied through a pressure spring serving to hold the specimen stage 
and through a rod serving to adjust a tilting or inclination of the specimen holder. 

Further, an electron microscope heating specimen holder according to a further aspect of the present 
invention comprises a specimen holder and a bearing or connecting rod, wherein a thermal conductivity of 
material of the rod is smaller than that of material of a main body of the specimen holder. 
50 Particularly, it is preferred that the thermal conductivity of the rod is in the range of 15 ~ 20 W/mK. 

In addition, an electron microscope heating specimen holder device according to a further aspect of the 
invention comprises a specimen holder for holding a specimen and a bearing or connecting rod serving to 
finely control a position of the specimen, wherein the specimen holder is made of phosphor bronze and the 
rod is made of SUS304. 

55 Further, an electron microscope heating specimen holder according to a further aspect of the invention 

is of a type that a heater for heating a specimen is disposed at a bottom of a specimen stage support such 
as a specimen cartridge for supporting the specimen, wherein the heater is a plate heater made by forming 
a film of high resistance metal on a plate-like insulating member by means of vapor deposition or sintering. 
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depends on the thermal conductivity of the specimen holder. After reaching the thermal equilibrium, the 
amount of drift of the specimen position depends on a slight change in the temperature of the connecting 
rod. 

In case that the specimen holder is made of highly thermally conductive material, the specimen holder 
5 reaches the thermal equilibrium state in a short time. Therefore, the temperature of the connecting rod 
reaches the thermal equilibrium state in a short time as well. 

In case that the connecting rod is made of poor thermal conductor the temperature gradient becomes 
steep from the contact portion with the specimen holder so that the temperature of the bearing rod is 
decreased as a whole. Accordingly, the absolute value of temperature change is reduced, thereby making it 
10 possible to reduce the drift of the position. 

Next, description will be given of the heating power supplying method and the temperature measuring 
method. It has been customary to supply power by connecting lead wires directly to the specimen support 
and measure the thermoelectromotive force of the thermocouple, and however, in the case of the present 
invention, since there is no possibility that the lead wires stands in the way, it becomes possible to incline 
75 or tilt the specimen support with high accuracy. Further, in the specimen holder which has the lead wires, 
breaking of wire is caused due to fatigue of metal resulting from repeated tilting. In the present invention, 
however, the lifetime of the specimen holder is extended, thereby solving the conventionally pending 
problem of short lifetime of the specimen holder. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view for illustrating the whole construction of a specimen drive portion of an 
electron microscope to which a specimen holder according to an embodiment of the invention is 
attached; 

25 Figure 2 \s a plan view of a specimen support or cartridge portion of Fig. 1 ; 

Figures 3A and 3B are graphs showing the temperature distribution of the specimen holder; 
Figure 4 is a perspective view of the specimen cartridge portion of Fig. 2; 
Figure 5 is a sectional view of the specimen cartridge portion of Fig. 2; 

Figure 6 is a sectional view of the specimen holder, according to an embodiment of the invention, in 
30 which a heater is employed; 

Figure 7 is a general construction view of a transmission electron microscope in which the specimen 
holder of the invention is employed; 

Figure 8 is a characteristic view showing the change of the amount of drift with the lapse of time; 
Figures 9A and 9B are views for explanation of two kinds of the power supply mechanisms, according to 
35 embodiments of the invention, for the heating portion; and 

Figure 10 is a view for explanation of the structure for measuring the temperature of the specimen 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

The foregoing and other objects, features and advantages of the invention will be made clearer from 
description given below of embodiments of the present invention with reference to the drawings. 

Figure 1 is a sectional view for illustrating the whole construction of a specimen drive section of an 
electron microscope to which a specimen holder or sample holder 8 is attached. As the specimen holder 8 
45 is inserted in a column 13 of the electron microscope, it abuts a fine adjustment device through a 
connecting rod (bearing rod) 9 and comes to a halt. The fine adjustment device comprises a fine movement 
shaft 10, a lever or bell crank 11, a screw rod 12 and the like. The system is as shown in Figure 1 in which 
an electron beam is passed along an electron beam path 14 through an outer frame 5 of a specimen 
support (cartridge) portion of the specimen holder 8 so as to observe or measure the specimen in respect 
50 of its form and the like. 

Figure 2 is a plan view showing the details of a specimen support or cartridge (tilting cartridge) of the 
specimen holder 8. 

In Figure 2. reference numeral 1 denotes a specimen cartridge as the specimen support, 2 denotes a 
specimen, 3 denotes a rod for adjusting inclination or tilting of the specimen cartridge, 4 denote pivots 
55 through which the specimen cartridge 1 is supported by an outer frame 5, 6 denotes a pressure spring for 
keeping the specimen cartridge 1 from moving in the vertical direction, and 7 denotes a contact surface 
between the specimen cartridge 1 and the rod 3. 
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Material 
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Example 
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Thermal 

Conductivity 

(W/mK) 


22 
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Next, description will be given of a case that the specimen cartridge and the specimen cartridge tilting 
rod are brought into contact with each other on a warped contact surface. Figure 4 is a schematic 
perspective view of the contact surface 7 with the rod, while Figure 2 is the plan view of the specimen 
cartridge portion. 

Lines A-B and X-Y orthogonally intersect each other on a horizontal plane, and however, points u ana t 
are raised relative to the horizontal plane while points C and F are lowered relative to the horizontal plane. A 
surface CEFD is a warped surface (of saddle type) as a whole. In case of driving the rod 3 in the vertical 
direction up or down to cause the tilting specimen cartridge 1 to rotate or tilt about the tilting pivots 4-4 in 
Fig 2 the rod 3 is also moved left or right on this warped surface 7 simultaneously. When the specimen 
cartridge is held flat (Fig. 5(b)), the rod 3 contacts on the line A-B so that, even if the rod length 3 is 
changed due to thermal expansion, the angle of inclination or tilting of the cartridge 1 is not changed 
because the direction of the rod is parallel to the contact surface (A-B in (b) of Figure 5). The (a) and (c) of 
Figures 5 illustrate the cases that the rod 3 is moved up and left or down and right. In case that the rod 3 is 
moved up and left (as shown in (a) of Figure 5) the rod 3 contacts on the line C'-D\ while in case that the 
rod is moved down and right (as shown in (c) of Figure 5) the rod contacts on the line E'-F*. (The line C'-D f 
is between A-B and C-D, and the line E'-F is between A-B and E-F.) 

If the contact surface were flat in all area, change in length of the rod 3 caused by thermal expansion 
would result in change of the angle of or tilting except when the specimen cartridge 1 is flat ((b) of Fig. 5). 
According to the present invention, however, since the contact surface is the warped surface, the contact 
line C f -D' or E'-F is always kept parallel to the red 3. Therefore, even if the rod length changed due to 
thermal expansion, the tilting angle can be kept unchanged for all tilting angles. 

In this way, by moving the rod 3 up and left or down and right, it is possible to tilt the specimen 
cartridge 1 upwards or downwards accurately within ±15*. (The lines C-D and E-F are inclined downwards 
and upwards by ±15° to the line A-B). 
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Table 2 shows the thermal conductivities of the materials used in the conventional arts and the 
examples of the invention, while Figure 8 shows the changes of the amount of drift with the lapse of time 
according to the conventional arts and the example of the present invention. In Figure 8, a straight line (a) 
represents the conventional art (1) in which since the specimen holder is made of poor thermal conductor 
the specimen holder does not reach the thermal equilibrium within observation. In Figure 8, a curve (b) 
represents the conventional art (2) in which since the holder is made of highly thermally conductive material 
the thermal equilibrium can be reached in a short time, and however, since the connection rod is also made 
of highly thermally conductive material, the temperature becomes high to increase the drift. In Figure 8, a 
curve (c) represents the example of the invention in which, since the specimen holder is made of highly 
thermally conductive material and the convecting rod is made material of much lower thermal conductivity 
the thermal equilibrium can be reached in a short time and the drift is small after reaching the equilibrium. 

As a result of the experiment using the examples of the present invention, the specimen drift became 
±0.1 nm/sec an hour and a half after. 

Now, the power supply line for the tilting specimen cartridge heater according to embodiments of the 
present invention will be described by referring to Figures 9. A first structure is that the power is supplied 
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material of said ooter Iran,,. ° WW" support is greater fhar, «,„ of 

An electron microscope specimen holder comprising- 
an outer frame (S), 

a specimen support (1) within said frame and 

the materia, of said frame (5) and the o^S^^^T^. >UPPOrt 0) * greater than that of 
Pivots (4) is in the range of 5.0 x 10~" -12 kT 0 -s^. eXPanS '° n ° f 1,16 material f0r said «'«"9 

^ a on a specimen support ( 1> is moved 

« in contact with said specimen support nTJSg^^ " 309,6 °' Said S ^"^ «W*t 
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6. An electron microscope specimen holder comprising: 

a specimen support (1), 

a rod (3) serving to control an angle of said specimen support, and 
a pressure spring (6), 

wherein said specimen support (1) is of a double-layer structure including a platform on wn.cn a 
specimen is to be placed and a heater, and said rod (3) and said pressure spring (6) serve as a power 
supply line for said heater. 

7. The specimen holder of claim 1 , wherein said specimen support (1) has a stacked structure including a 
metal portion and a ceramic heater. 

8. An electron microscope specimen holder which has a coupling structure including a high temperature 
part and a low temperature part, wherein said high temperature part is made of heat insulating material 
and said low temperature part is made of low thermal expansion material. 

9 An electron microscope specimen holder having a specimen support, wherein a thermal conductivity of 
material of an inner part of said specimen support is greater than that of material of an outer part 
thereof. 

10. An electron microscope specimen holder in which specimen support is disposed within an outer frame 
and is to be heated in use, wherein a temperature gradient between said specimen support and said 
frame is steep when said specimen holder is in use. 

11. An electron microscope specimen holder in which a position of a specimen is changed, wherein an 
amount of change of said specimen position is in the range of 0.02 - 0.10 nm/sec. 

12. An electron microscope in which the electron microscope specimen holder according to Claim 11 is 
mounted. 

13. An electron microscope specimen holder used for observing a state of a specimen placed on a 
specimen support by applying an electron beam to said specimen, said specimen holder comprising: 

a heater disposed at a lower part of said specimen support for serving to heat the specimen on 
said specimen support up to a predetermined temperature; 
a rod for controlling an angle of said specimen support; and 
a pressure spring for supporting said specimen support, 

wherein said rod has a shape that makes a contact surface between said rod and said specimen 
support vertically stationary, and power is supplied to said heater through said rod and said pressure 
spring. 

14. A transmission electron microscope comprising: 

an electron gun serving to produce an electron beam; 

an optical system serving to apply a predetermined amount of said electron beam over a 
predetermined area; 

a specimen holder on which a specimen is to be placed so as to be observed as being applied 
with said electron beam; and 

another optical system and a control system for observing a state of the specimen on said 

specimen holder, 

wherein said specimen holder has a structure that a specimen support is disposed within an outer 
frame, a thermal conductivity of material of said specimen support is greater than that of material of 
said frame, and said specimen support is provided at a lower part thereof with a heater to which power 
is supplied through a pressure spring serving to hold said specimen support and through a rod serving 
to adjust a tilting of said specimen support. 

15. An electron microscope heating specimen holder having a specimen holder and a connection rod, 
wherein a thermal conductivity of material of said connecting rod is smaller than that of material of a 
main body of said specimen holder. 
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